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Abstract
Transition metal complexes of Ni(II) and Cu(II) metal ions with the general stoichiometry [M(L)X]X and [M(L)SO4],
where M = Ni(II) and Cu(II), L = (1E)-N-((5-((E)-(2,3-dimethyl-1-phenyl-4-pyrazolineimino)methyl)thiophen-2-yl)methylene)-
2,3-dimethyl-1-phenyl-4-pyrazolineamine and X = Cl−, NO3− and SO42−, have been synthesized and characterized. The synthesized
ligand and metal complexes were characterized by 1H NMR, IR, mass spectrometry, UV–Vis spectra and EPR. In molecular mod-
elling, the geometries of the Schiff’s base and metal complexes were fully optimized with respect to the energy using the 6-31g(d,p)
basis set. The nickel(II) complexes were found to have octahedral geometry, whereas the copper(II) complexes were of tetrago-
nal geometry. The covalency factor (β) and orbital reduction factor (k) suggest the covalent nature of the complexes. To develop
broad spectrum new molecules against seed-borne fungi, the minimum inhibitory concentration (MIC) of the ligand and its metal
complexes was evaluated by the serial dilution method.
© 2016 Taibah University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
There is a continuing interest in metal complexes of
Schiff bases due to the presence of both hard nitrogen∗ Corresponding author. Tel.: +91 1122911267;
fax: +91 1123215906.
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or oxygen and soft sulphur donor atoms in the back-
bones of these ligands. These ligands readily coordinate
with a wide range of transition metal ions, yielding sta-
ble and intensely coloured metal complexes, some of
which have been shown to possess interesting physi-
cal and chemical properties [1] and potentially useful
biological activity [2]. Schiff bases are still regarded
as one of the most powerful group of chelators for
facile preparations of metallo-organic hybrid materi-
als [3]. In the past two decades, the properties of. This is an open access article under the CC BY-NC-ND license
Schiff base metal complexes have stimulated a high
degree of interest for their noteworthy contributions
to single molecule-based magnetism; material science
[4]; catalysis of many reactions, such as carbonylation,
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ydroformylation, oxidation, reduction and epoxidation
5]; industrial applications [6]; and complexing ability
owards some toxic metals [7]. The interest in Schiff base
ompounds as analytical reagents is increasing because
hey enable the simple and inexpensive determination
f different organic and inorganic substances [8]. The
ransition metal complexes of 4-aminoantipyrine and its
erivatives have been examined extensively due to their
ide biological, analytical and therapeutic applications
n various fields [9–11]. Further, the transition metal
omplexes have been investigated due to their diverse
iological properties as antifungal, antibacterial, anal-
esic, sedative, antipyretic and anti-inflammatory agents
12–14]. In recent years, a number of research arti-
les have been published on transition metal complexes
erived from 4-aminoantipyrine derivatives [15,16].
The present study describes the coordination
ehaviour of a novel Schiff base (i.e., 2,5 thio-
henedicarboxaldehyde bis(4-amino-5-ethylimino-2,3-
imethyl-1-phenyl-3-pyrazoline)) towards Ni(II) and
u(II) metal ions. The geometry of the complexes
as been characterized by spectral, magnetic and DFT
alculations. As seeds are always supposed to carry
ssociated pathogens as well as saprophytes, especially
ungi, to develop broad spectrum new molecules against
eed-borne fungi, the minimum inhibitory concentra-
ion (MIC) of the ligand and its metal complexes was
valuated by the serial dilution method.
.  Experimental
.1.  Materials
All of the chemicals used were of Anala R grade
nd received from Sigma–Aldrich and Fluka. Metal
alts were purchased from E. Merck and were used as
eceived.
.2.  Instrumentation
The stoichiometric analyses were carried out on
 Carlo-Erba 1106 analyser. The metal content was
stimated on an AA-640-13 Shimadzu flame atomic
bsorption spectrophotometer in solution prepared by
ecomposition of the complex in hot concentrated
NO3. Electronic mass spectra were recorded on a
EOL JMS-DX-303 mass spectrometer. NMR spectra
ere recorded with a Bruker Advance DPX-300 spec-rometer operating at 300 MHz using DMSO-d6 as a
olvent and TMS as an internal standard. IR spectra were
ecorded as KBr pellets in the region 4000–200 cm−1
n a BX-II FTIR spectrophotometer. The electron sprayity for Science 11 (2017) 110–120 111
ionization mass spectrum was recorded on a model Q
Star XL LCMS–MS system. The electronic spectra were
recorded on a Shimadzu UV mini-1240 spectrophotome-
ter using DMSO as a solvent. The molar conductance of
complexes was measured in DMSO at room temperature
on an ELICO (CM 82T) conductivity bridge. The mag-
netic susceptibility was measured at room temperature
on a Gouy balance using CuSO4·5H2O as the calibrant.
EPR spectra of the Cu(II) complexes were recorded as
a polycrystalline sample at room temperature on an E4-
EPR spectrometer using the DPPH as the g marker.
2.3.  Synthesis  of  the  ligand
The ligand was synthesized per the method reported
in the literature [17,18]. A hot solution of 4-
aminoantipyrine (0.02 mol, 4.06 g) in ethanol (25 mL)
was slowly added dropwise to a hot solution of 2,5-
thiophenedicarboxaldehyde (0.01 mol, 1.40 g) in ethanol
(15 mL). The resulting solution was refluxed for 18 h at
85 ◦C and then allowed to cool overnight at 0 ◦C. The
progress of the reaction was checked and monitored by
TLC until completion. The isolated yellow-coloured pre-
cipitate was washed with cold ethanol and dried under
vacuum over P4O10. Yield, 56%, m.p. 220 ◦C. Anal.
calcd. for C28H26N6O2S: C, 65.88; H, 5.13; N, 16.46.
Found: C, 65.70; H, 5.08; N, 16.88 (%). The structure
and preparation of ligand (L) is given in Scheme 1.
2.4.  Synthesis  of  metal  complexes
The metal complexes were synthesized by the method
reported in the literature [19,20]. A hot ethanolic solu-
tion (15 mL) of the ligand (1 mmol) was added slowly to
the hot ethanolic solution (10 mL) of the corresponding
metal salts (chloride, nitrate or sulphate) (1 mmol) with
continuous stirring. The resulting solution was refluxed
for 26–30 h at 80 ◦C. On cooling, the coloured product
was precipitated, filtered, washed with cold ethanol and
ether and dried under vacuum over P4O10.
2.5.  DFT  calculations
The DFT calculations were performed using
the B3LYP three-parameter density function, which
includes Becke’s gradient exchange correction [21];
the Lee, Yang, Parr correlation function [22]; and the
Vosko, Wilk, Nusair correlation function [23]. The
gas phase geometries of the ligand and [NiL(SO4)]
and [CuL(SO4)] complexes were fully optimized with
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sis of SScheme 1. Synthe
respect to the energy using the 6-31 + g(d,p) basis set
with the Gaussian 09W suite [24].
2.6.  Anti-fungal  activity
The ligand and its metal complexes were screened for
anti-fungal activity. The anti-fungal study was assessed
by the minimum inhibitory concentration (MIC) using
the serial dilution method [25,26]. For this screening,
Phoma sorghina,  Aspergillus  niger  and Fusarium  oxys-
porum microorganisms were used to investigate the
anti-fungal activity. Bavistin was used as a standard
drug, and DMSO served as the control. Colonies of
microorganisms were picked off a fresh isolation plate
and inoculated in corresponding tubes containing 5 mL
of brain heart infusion broth. The broth was incubated for
6 h at 37 ◦C. The McFarland No. 5 standard was prepared
by adding 0.05 mL of 1% w/v BaCl2·2H2O in phosphate
buffered saline (PBS) to 9.95 mL of 1% v/v H2SO4 inchiff base ligand.
PBS. The growth of all of the cultures was adjusted to the
McFarland No. 5 turbidity standard using sterile PBS to
achieve a 108 cfu/mL suspension. The working inocula
of the aforementioned different microorganisms contain-
ing a 105 cfu/mL suspension was prepared by diluting
the 108 cfu/mL suspension (103 times) in brain heart
infusion broth.
2.7.  Minimum  inhibitory  concentration  (MIC)
Each compound (10 mg) was dissolved in 10 mL of
dimethyl sulphoxide to achieve a 1 mg/mL concentra-
tion. The ligand, metal complexes and standard drug
Bavistin in 28 tubes with a 5-mL capacity were arranged
in five rows, with each row containing 6 tubes. Brain
heart infusion broth (1.9 mL) was added to the first tube
in each row, and then, 1 mL was added to the remaining
tubes. One-hundred millilitres of antimicrobial suspen-
sion dissolved in dimethyl sulphoxide was added to the
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Table 1
Analytical data and physical properties of the complexes.
Complexes Colour Yield
(%)
m.p.
(◦C)
Molar conductance
−1 cm2 mol−1
Elemental analysis found
(calcd.)%
M C H N
[Ni(L)Cl]Cl NiC28H26N6SO2Cl2 Light Green 65 280 35 9.78
(9.92)
52.45
(52.50)
4.00
(4.06)
13.00
(13.12)
[Ni(L)NO3]NO3 NiC28H26N8SO8 Dark Green 62 >300 26 9.18
(9.24)
48.74
(48.90)
3.73
(3.78)
16.23
(16.30)
[Ni(L)SO4] NiC28H26N6S2O6 Dark Green 54 268 18 9.49
(9.56)
50.48
(50.52)
3.78
(3.91)
12.54
(12.65)
[Cu(L)Cl]Cl CuC28H26N6SO2Cl2 Mehandi 67 250 40 9.06
(9.11)
52.11
(52.17)
3.97
(4.03)
12.96
(13.04)
[Cu(L)NO3]NO3 CuC28H26N8SO8 Green 59 275 32 8.37
(8.49)
48.50
(48.62)
3.62
(3.76)
16.15
(16.21)
[Cu(L)SO4] CuC28H26N6S2O6 Parrot Green 56 292 12 8.62 50.19 3.81 12.50
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these peaks reflects the stability and abundance of the
ions. Mass spectra of the Ni(II) and Cu(II) complexes
are given in (S1–S6).rst tube in each row. After mixing the contents, 1 mL
as serially transferred from these tubes to the second
ube in each of the rows. The contents of the second
ube of each of the rows were mixed and transferred
o the third tube in each of the rows. This serial dilu-
ion was repeated until reaching the last tube in each of
he rows. This procedure provided antimicrobial com-
ound concentrations of 60.0, 30.0, 15.0, 7.50, 3.75, and
.875 mg/mL in the first to the sixth tube, respectively, in
ach row. Finally, 1 mL of 105 cfu/mL of the pathogenic
train suspension was added to the first, second, third,
ourth and fifth rows of the tubes. Additionally, with the
est samples and standard drug Bavistin, the inoculum
ontrol (without anti-fungals) and broth control (with-
ut anti-fungals and inoculum) were also prepared. All
f the test tubes were then incubated for 18 h at 37 ◦C.
.  Results  and  discussion
The analytical data for the Ni(II) and Cu(II) com-
lexes is summarized in Table 1 and are in good
greement with the data required by the general compo-
ition [M(L)X]X and [M(L)SO4], where M = Ni(II) and
u(II), L = (1E)-N-((5-((E)-(2,3-dimethyl-1-phenyl-
-pyrazolineimino)methyl)thiophen-2-yl)methylene)-
,3-dimethyl-1-phenyl-4-pyrazolineamine and X = Cl−,
O3− and SO42−. The complexes obtained are insolu-
le in water, methanol and ethanol, but soluble in DMF
nd DMSO. An attempt to grow a single crystal of the
etal complexes was unsuccessful. The value of the
olar conductance of the complexes in DMSO indicates
hat the [M(L)SO4] complexes are non-electrolytes
nd the [M(L)X]X are 1:1 electrolytes [27,28]. The(8.77) (50.22) (3.89) (12.55)
magnetic moments lie in the range of 2.84–2.90 B.M.
and 1.92–1.98 B.M. for Ni(II) and Cu(II) complexes,
respectively.
3.1.  Mass  spectra
The ESI mass spectrum of ligand L is given in Fig. 1.
The spectrum shows the molecular ion peak at m/z  510
and the isotopic peak at m/z  511 (M+H) due to the pres-
ence of 13C and 15N isotopes. The base peak at m/z
186 is due to the 2,3-dimethyl-1-phenyl-pyrazoline-5-
one (C11H10N2O)+ ion. Another intense peak at m/z  494
is due to (C27H22N6SO2+4H)+ ion. The different com-
petitive fragmentation pathways of the ligands give the
ions at different masses at 15, 29, 44, 57, 77, 84, 105,
186, 214, 282, 324, 405, 426 and 453. The intensity ofFig. 1. Mass spectrum of Schiff base ligand.
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Table 2
Important IR bands (cm−1) of Schiff base ligand and its metal complexes.
Compounds (C O) (C N) (C S C) (M O) (M N) (M S) Anions
Ligand (L) 1670 1580 820 – – –
[Ni(L)Cl]Cl 1625 1552 790 530 492 326 290
[Ni(L)NO3]NO3 1640 1526 782 578 470 310 1396,1305,1052
[Ni(L)SO4] 1652 1550 807 542 450 340 950,430,1035
[Cu(L)Cl]Cl 1630 1564 778 550 462 315 296
[Cu(L)NO3]NO3 1650 1538 770 562 480 360 1406,1312,1073
of tetragonal distortion due to the ligand field
and the Jahn–Teller effect [35]. The electronic
spectra of Cu(II) complexes show three bands in[Cu(L)SO4] 1642 1561 795 
3.2. 1H  NMR  spectrum
The 1H NMR spectra of the ligand were recorded
in DMSO. Ligand L showed a characteristic singlet for
two azomethine protons at δ  8.43 ppm. The characteris-
tic signal due to six methyl protons appears as a singlet
at δ  2.33 ppm. However, the signal for the six N-CH3
protons appears at δ  3.03 ppm. The twelve aromatic pro-
tons appear as a set of doublets, triplets and multiplets
in the range of 7.71–6.79 ppm. All of the proton peaks
were found to be in their expected regions.
3.3.  IR  spectra
Selected IR bands of the ligand and its metal com-
plexes are listed in Table 2. The IR spectrum of the
ligand displays bands at 1670 and 1580 cm−1 that may
be assigned to the (C O) and (C N) (azomethine link-
age) stretching vibrations [29–31]. On complexation, the
position of these bands shifts towards the lower side,
which indicates that the nitrogen atoms of the azome-
thine group and the oxygen atom of the amide group are
coordinated to the metal ion. This coordination is also
confirmed by the appearance of new bands in the spectra
of the metal complexes in the range of 450–452 cm−1
and 530–578 cm−1, which have been assigned to the
(M N) and (M O) bonds [32]. In the IR spectrum of
the ligand, the band appeared at 820 cm−1, correspond-
ing to the (C S C) stretching vibration, and is shifted
towards the lower side, indicating that the sulphur atom
of the thiophene ring is coordinated with the metal ion
[33]. This coordination is also supported by the appear-
ance of a new band in range of 310–360 cm−1, which has
been assigned to the (M S) bond [34]. In addition, the
IR spectra of the complexes also display the bands due to
anions. The chloro complexes show the IR bands in the
region 290–296 cm−1 due to (M Cl) [35]. The nitrate
complexes show the IR bands in the range 1396–1406
(ν5), 1305–1312 (ν1) and 1052–1073 cm−1 (ν2) due to536 460 318 965.445,1137
the NO stretching vibration of the NO3− ion. The ν
(i.e., ν5–ν1 (91–94 cm−1)) indicates the unidentate coor-
dination of the NO3− ion. In the sulphate complexes, two
medium intensity bands in the range of 950–962 cm−1
(ν1) and 430–445 cm−1 (ν2) and a strong band in the
range of 1035–1137 cm−1 (ν3) appeared. The splitting
of the ν3 band into two bands suggests the coordination
of the sulphate ion in a unidentate manner [36].
3.4.  Electronic  spectra
The electronic spectra of the complexes were
recorded in a DMSO solution. The absorption spectra of
the Ni(II) complexes display three d–d transition bands
(Fig. 2) in the range 11,180–12,121, 18,650–19,417 and
21,467–26,178 cm−1. These transitions correspond to
the 3A2g (F) → 3T2g (F) ν1, 3A2g (F) → 3T1g (F) ν2 and
3A2g (F) → 3T1g (P) ν3, respectively. These transitions
reveal that the nickel complexes possess an octahedral
geometry and D4h symmetry [37].
The energy level sequence depends on the amountFig. 2. Electronic spectra of complexes.
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Table 3
Magnetic moment, electronic spectral and ligand field parameters of the complexes.
Complex μeff (BM) λmax (cm−1) Dq (cm−1) B (cm−1) β LFSE (kJ mol−1)
[Ni(L)Cl]Cl 2.90 11,240, 18,650, 21,467 1124 427 0.41 161
[Ni(L)NO3]NO3 2.84 11,180, 18,687, 25,410 1118 703 0.67 160
[Ni(L)SO4] 2.87 12,121, 19,417, 26,178 1212 605 0.59 173
[Cu(L)Cl]Cl 1.92 12,170, 19,125, 25,380 – – – –
[Cu(L)NO3]NO3 1.98 14,032, 18,945, 25,576 – – – –
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[Cu(L)SO4] 1.95 12,422, 18,181, 23,809 
he range of 12,170–14,032, 18,181–19,125 and
3,809–25,576 cm−1 corresponding to the tetragonal
eometry, which can be assigned to the 2B1g → 2A1g,
B1g → 2B2g and 2B1g → 2Eg, transitions, respectively.
n all cases, the transition 2B1g → 2B2g is usually not
bserved as a separate band in the tetragonal field [38].
n some cases, a band above 25,000 cm−1 has been
bserved, which may be due to the charge transfer that
ould arise from the transfer of an electron from an
rbital largely belonging to a central atom. The splitting
f the 2Eg state is a measure of the planar and axial fields.
ecause the planar field as well as the axial field is con-
tant in all of the present complexes, the difference in the
osition of the bands may be due to the axial field only
lower symmetry). In general, the copper(II) complex
B2g → 2A1g transition is shifted to higher energies in
he order C1− < NO3−, according to the spectrochemical
eries.
Various ligand field parameters were calculated and
re listed in Table 3. Nephelauxetic parameter β  was
eadily obtained by using the relation β  = B  (complex)/B
free ion), where B  (free ion) for Ni(II) is 1041 cm−1
39]. The values of β  lie in the range 0.41–0.67. These
alues indicate the covalent character in the metal ligand
” bond.
.5.  Electronic  paramagnetic  resonance  spectraThe analysis of the spectra of the Cu(II) complexes
ives g|| 2.0216–2.0319 and g| 2.2112–2.2421. The
rend g|| > g| > 2.0023, observed for the complexes
nder study, indicates that the unpaired electron is
able 4
PR parameters and orbital reduction parameters of Cu(II) complexes.
omplex g⊥ g‖ Giso
Cu(L)Cl]Cl 2.02 2.21 2.09 
Cu(L)NO3]NO3 2.03 2.24 2.10 
Cu(L)SO4] 2.02 2.18 2.08 – – –
localized in the dx2-y2 orbital of the Cu(II) ion, and
the spectral figures are characteristic for the axial
symmetry. A tetragonally elongated geometry is thus
confirmed for the aforementioned complexes [40].
G = (g|| −  2)/(g| −  2), which measures the exchange
interaction between the metal centres in a polycrys-
talline solid, has been calculated. The complexes
reported in this paper show a G value greater than 4,
which suggests that the interaction between the metal
centres is negligible [41]. For the copper(II) complexes,
the EPR parameters and the d–d transition energies
are used to evaluate the orbital reduction factor k by
using the expression: k2 =  k‖2 +  2k⊥2/3, where k||
and k⊥ are the parallel and perpendicular components
of the orbital reduction factor. The low values of k
(0.61–0.71) indicate the covalent nature of the complexes
(Table 4).
3.6.  Geometrical  optimization  and  NBO  analysis
Geometrical optimization was performed using
the B3LYP function with 6-31 + g(d,p) basis sets as
incorporated in the Gaussian 09 W programme in the gas
phase. The numbering scheme for the ligand [NiL(SO4)]
complex and the [CuL(SO4)] complexes are given in
Scheme 2. The fully optimized geometries of the ligand,
[NiL(SO4)] complex and [CuL(SO4)] complex are
shown in Fig. 3. The optimized structure of the ligand
shows a planar arrangement. The two amino antipyrine
rings and the thiophene ring lie in the same plane. On
complexation with the Ni(II) ion, the complex shows a
distorted octahedral geometry around the Ni(II) centre,
G k⊥2 k‖2 k
7.71 0.43 0.59 0.69
8.10 0.49 0.67 0.71
9.41 0.30 0.53 0.61
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as revealed from the calculated bond lengths and bond
angles (Table 5). After complexation, the bond lengths
C2 N2 and N3 C7 remain unchanged. However, the
C1 N1, C1 O1, C6 N3, C8 O2 bond lengths become
slightly longer after complex formation as the ligand
Fig. 3. Geometry optimized structures of (a) ligand, (b) [NiL(SO4)] and (
Co = grey, Ni = silver grey, Cu = pink).ity for Science 11 (2017) 110–120
coordinates via the azomethine nitrogen, carbonyl oxy-
gen and through the sulphur of the thiophene ring. The
C1 O1 bond distance in the complex becomes longer
due to the formation of the M O bond, which makes the
C1 O1 bond weaker. The thiophene moiety is bent out
of the coordination plane to coordinate in an octahedral
fashion. This out-of-plane bending of the thiophene ring
causes the ligand molecule to lose its planarity, causing
a slight elongation of the Ni S bond length. The Ni S
bond length was found to be 2.394 A˚. Similarly, the
Ni O1, Ni N2, Ni N3, Ni O2 and Ni O3 bond lengths
were found to be 1.963, 2.114, 2.134, 1.998 and 1.995 A˚,
respectively. This elongation in bond lengths caused a
slight distortion from the regular octahedral geometries.
The distortion in the regular octahedral geometry around
the Ni(II) is also supported by the values of the bond
angles in the coordination sphere. The bond angles
∠O1NiN2, ∠O1NiO2, ∠N3NiO2, ∠N2NiN3, ∠O3NiS,
∠N2NiO2 and ∠N3NiO1 were found to be 80.88,
60.41, 80.87, 138.14, 113.97, 140.39 and 135.83◦,
respectively.
c) [CuL(SO4)] (colour code: H = white, C = grey, N = blue, O = red,
M. Tyagi et al. / Journal of Taibah Univers
Table 5
Optimized geometry of the ligand and metal complexes (bond lengths
in Angstroms; bond angles in degrees).
Parametersa Ligand [Ni(L)SO4]b [Cu(L)SO4]c
C1 N1 1.383 1.461 1.472
C1 O1 1.193 1.241 1.251
C1 C2 1.515 1.465 1.498
C2 N2 1.248 1.249 1.260
N2 C3 1.392 1.532 1.546
C3 C4 1.317 1.280 1.498
C4 S 1.905 1.912 1.921
S C5 1.905 1.918 1.924
C5 C6 1.317 1.272 1.253
C6 N3 1.392 1.537 1.469
N3 C7 1.248 1.251 1.242
C7 C8 1.515 1.472 1.497
C8 N4 1.385 1.461 1.471
C8 O2 1.194 1.236 1.262
M O1 – 1.963 1.981
M N2 – 2.114 2.211
M S – 2.394 2.740
M N3 – 2.134 2.145
M O2 – 1.998 2.014
M O3 – 1.995 2.234
∠N1C1O1 126.84 136.44 134.83
∠O1C1C2 128.56 116.71 117.20
∠C1C2N2 121.80 112.82 114.36
∠C2N2C3 125.66 121.17 123.18
∠C3C4S 123.64 119.55 124.44
∠C4SC5 90.20 95.14 103.31
∠SC5C6 123.64 112.15 117.02
∠C5C6N3 118.76 105.99 128.37
∠C6N3C7 125.64 120.76 132.61
∠N3C7C8 121.81 113.42 112.65
∠C7C8O2 128.57 116.58 117.32
∠N4C8O2 126.83 136.41 135.00
∠O1MN2 – 80.88 80.04
∠O1MO2 – 60.41 69.59
∠N3MO2 – 80.87 82.69
∠N2MN3 – 138.14 141.27
∠O3MS – 113.97 111.81
∠N2MO2 – 140.39 135.99
∠N3MO1 – 135.83 119.21
a See Scheme 1 for numbering.
b M = Ni, L = L = 2,5 thiophenedicarboxaldehyde bis(4-amino-5-
ethylimino-2,3-dimethyl-1-phenyl-3-pyrazoline).
c M = Cu, L = L = 2,5 thiophenedicarboxaldehyde bis(4-amino-5-
e
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u
c
d
t
e
metal binding sites in the enzymes of microorganisms.thylimino-2,3-dimethyl-1-phenyl-3-pyrazoline).
Similar bonding behaviour is observed in case of
he complex having Cu(II) as the metal centre. All of
he bond lengths and bond angles have very close val-
es compared to the [NiL(SO4)] complex. However, the
omplex that has a Cu(II) metal centre shows a large
egree of distortion from the regular octahedral geome-
ry. Because of this distortion, the axial Cu S and Cu O3
longates to 2.740 and 2.234 A˚, respectively. Thisity for Science 11 (2017) 110–120 117
elongation in bond lengths causes a change in the bond
angle values of the coordination sphere. The bond angle
O3MS is found to be 111.81◦. The bond lengths and the
bond angles within the amino antipyrine ring and the
thiophene ring do not change significantly on coordina-
tion with the metal ion.
The energies for the highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) for the ligand have been calculated.
The calculated energies of the HOMO and LUMO for
the ligand are −0.3338 hartree and 0.0034 hartree,
respectively. The 0.020 hartree isovalue contours for the
HOMO and LUMO are displayed in Fig. 4. The lower
HOMO energy values show that the electron-donating
ability of the molecule is weak. The higher HOMO
energy implies that the molecule is a good electron donor.
The LUMO energy represents the ability of a molecule
to receive electrons.
On the basis of the above discussion, the following
(Fig. 5) structures can be proposed for the synthesized
complexes.
3.7.  Anti-fungal  study
After incubation, the tubes showing no visible growth
were measured to demonstrate the minimum inhibitory
concentration (MIC). The inoculum control showed
growth, whereas the broth control demonstrated no
growth. Among all of the screened samples, [Cu(L)SO4]
was observed to have a significant anti-fungal activity
at quite a low concentration and could be considered
to be a broad spectrum anti-fungal compound (Table 6,
Fig. 6). The ligand and [Ni(L)Cl]Cl showed the least
activity, and the other metal complexes showed mod-
erate activity against all of the tested pathogens. The
standard drug was effective against all of the pathogens
at the concentration of 1.875–3.750 mg/mL. The biolog-
ical activity results showed that the majority of the Schiff
base ligands possessed increased activity upon coordina-
tion with different metal ions. This enhancement of the
activity of the ligand on complexation can be explained
by Overtone’s concept and Chelation theory [42–45].
The theory states that chelation reduces the polarity of
the metal atom by the partial sharing of its positive
charge with donor groups and possible –electron delo-
calization over the whole ring. The complex blocks theConsequently, the complex disturbs the metabolism
pathways in the cell and, as a result, microorganisms
die.
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Fig. 4. Structure of complexes (a) [Ni(L)X]X, (b) [Cu(L)X]X, (c) [Ni(L)SO4], (d) [Cu(L)SO4]; L = Schiff base ligand and X = Cl− and NO3−.
Table 6
Minimum inhibitory concentration (MIC) values of the ligand and its metal complexes.
Compounds Pathogenic strains
Phoma sorghina Fusaruim oxysporum Aspergillus niger Bavistina
L 30.0 15.0 15.0 3.750
[Ni(L)Cl2]Cl 13.0 13.0 15.0 1.875
[Ni(L)NO3]NO3 7.50 13.0 7.50 3.750
[Ni(L)SO4] 7.50 3.750 3.750 1.875
[Cu(L)Cl2]Cl 3.750 7.50 3.750 3.750
[Cu(L)NO3]NO3 7.50 3.750 3.750 1.875
[Cu(L)SO4] 1.875 3.750 1.875 1.875
a Standard drug.
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Fig. 5. Plot of HOMO (a) and L
Fig. 6. Comparison of MIC (mg/mL) of the synthesized compounds
w
4
4
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a
b
Many other factors, such as the solubility, dipoleith standard Bavistin upto the concentration of 30 mg/mL.
.  Conclusions
The ligand (1E)-N-((5-((E)-(2,3-dimethyl-1-phenyl-
-pyrazolineimino)methyl)thiophen-2-yl)methylene)-
,3-dimethyl-1-phenyl-4-pyrazolineamine was
haracterized on the basis of elemental analysis
nd IR, mass and 1H NMR spectral studies. The Schiff
ase ligand coordinates to Ni(II) and Cu(II) metal ionsUMO (b) of Ligand L1.
in a pentadentate (NOSNO) manner. The value of the
covalency factor (β) and orbital reduction factor (k)
suggests the covalent nature of the complexes. The
molecular modelling calculation results show a good
comparison between the theoretically predicted geome-
tries and the experimental geometries, which clearly
validates our methodology. Although these calculations
pertain to the gas phase and the experimental data are
for the solid state, the crystal field effect may affect
the Chelation/coordination of the relative energies
and geometries and has been suggested to reduce the
polarity of the metal ion mainly because of partial
sharing of its positive charge with the donor group
within the whole chelate ring system. This process of
chelation thus increases the lipophilic nature of the
central metal atom, which in turn favours its permeation
through the lipoid layer of the membrane, thus causing
the metal complex to cross the bacterial membrane more
effectively, increasing the activity of the complexes.moment, conductivity influenced by metal ions, may be
possible reasons for the remarkable anti-fungal activity
of these complexes.
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